Red light-hibited mesocotyl elongation, which occurs in intact Zea mays L. seedlngs, was studied in excised segments which Included the coleoptile (or parts therefrom) and apical centimeter of the mesocotyl. Expriments took into account, first, the abiUty of the segments to regenerate auxin supply sites, and, second, that auxin uptake can be greatly reduced if there is no cut surface, apical to the ekngating cells, to act as a port of entry. In all cases, auxin completely reversed the inhibion of elongation by light. The results support the hypotbesis that lit regulates mesocotyl elongation by controing auxin supply from the coleoptHe. Sucrose concentration had no effect on auxin reversal of light-inhited elongation, but relatively high concentrations of gibbereHlic acid (10 PM) could substitute for auxin in this system. elongation in grass seedlings, however, has long been known to be a response to red light only (3, 10, 12, 29, 30) .
elongation in grass seedlings, however, has long been known to be a response to red light only (3, 10, 12, 29, 30) .
As part of a general characterization of light-inhibited elongation, we performed experiments which tested van Overbeek's theory of light-inhibited growth. Certain artifactual results of past work were avoided by using excised segments which included just the coleoptile and the apical cm of mesocotyl (or parts therefrom), by taking into account the fact that auxin-producing centers can be regenerated in decapitated coleoptiles (5, 8, 25) and the recognizing that auxin uptake can be greatly reduced if there is no cut surface, apical to the elongating cells, to act as a port of entry (1) . We have concluded that light-inhibited elongation can be antidoted by exogenous auxin, consistent with the theory as originally presented by van Overbeek.
The growth of a seedling germinating in the dark is affected by illumination in two important ways. One of these, phototropism, has been extensively studied and reviewed (e.g. 7) . The second, light-inhibited shoot elongation, has been somewhat less studied, but is equally important in the economy of the plant. Such inhibition of shoot elongation has been known since 1894 (21) . However, it was not until 1936, after the discovery of auxin, that a mechanism for this inhibition was proposed. Van Overbeek (28) suggested that light regulated mesocotyl elongation by controlling auxin supply from the coleoptile. He showed a significant reduction in production of diffusible auxin from coleoptile tips when the etiolated seedlings were exposed to 3 hr of room light. The cells containing the photoreceptor would thus be remote from the responding tissue. His proposal was supported by Inge and Loomis (11) who antidoted white light inhibition of mesocotyl elongation in corn seedlings by applying auxin paste to the cut surfaces of coleoptiles from which the tips were excised. Goodwin (10) suggested that the inhibition must be more complex, proposing an effect of light on cell division as well as cell elongation; and Schneider (23) obtained some light inhibition of isolated mesocotyl sections. Mer (18) also failed to obtain evidence in support of the hypothessis, although he used white light and exposures of up to a week so the experiments are hardly comparable. Galston and Hand (9), working with etiolated peas stem sections, proposed that the inhibition of elongation did not involve auxin at all.
A combination of primitive light sources and optical filters clearly limited the early work. With seedlings of dicots, both blue and red light may inhibit hypocotyl elongation (4, 17, 27) and the responses may be quite different and easily separable either in time (17) or by site of perception (4 (Fig. 1 ) the identical light source was used with from 1,600 to 1,800 ergs cm-2 sec' at seed level. The mesocotyl was measured at 24-hr intervals. RESULTS 
AND DISCUSSION
The mesocotyl of intact plants elongated rapidly when the corn seedlings were grown in the dark, but hardly at all when grown in red light. When seedlings were transferred from darkness to red light at 3 or 4 days the mesocotyl elongation rate decreased almost to zero (Fig. 1 ). This inhibition of mesocotyl elongation by red light also could be demonstrated in excised tissue (Fig. 2) .
The experiment presented in Figure 2 leads to several conclusions. (a) Elongation of the 1-cm mesocotyl segment (intact coleoptile attached) was 56% inhibited by light. (b) Removing the 3-mm coleoptile tip, the site of auxin supply, did not completely eliminate the dark elongation increment. It is well known (5, 8, 25 ) that an actively exporting auxin supply site can be regenerated in decapitated coleoptiles; this regeneration process ( The concentration dependence for auxin reversal of the light inhibition of growth is shown in Figure 3 . Auxin increased mesocotyl elongation of the dark-grown segment somewhat (intact coleoptile attached), but the increase was essentially matched in the auxin-treated light-grown segments (Fig. 3A) . Significantly elongation of the excised mesocotyl segment alone (node and coleoptile detached) was not inhibited by light at any of the auxin concentrations tested (Fig. 3B) .
Anker (1) when there was no apical cut surface to serve as a port of entry for auxin. Figure 3 shows that the auxin concentration which is optimal for elongation of isolated mesocotyl segments (Fig. 3B) is clearly suboptimal for mesocotyl growth when the node and intact coleoptile remain attached. As described above, even elongation of the excised mesocotyl segment was always slightly, and occasionally more than slightly (Table I) , inhibited by light. Whenever results such as those in Table I were attained the endogenous elongation of these 1-cm dark-grown segments was usually high, e.g. 4 to 5 mm, rather than the usual 1 to 3 mm. It is conceivable that these excised segments can sometimes initiate auxin synthesis, perhaps in a way similar to regeneration of the auxin supply center in the coleoptile. In fact, Evans and Schmitt (8) suggested that a coleoptile segment which had come from a repeatedly decapitated coleoptile was capable of initiating auxin biosynthesis. Similarly, Stahl (24) found that a soybean hypocotyl segment, excised from its endogenous auxin supply, would quickly decrease its elongation rate to a low endogenous level; however, after 3 to 4 hr the elongation rate of the segment would increase slowly, eventually reaching a rate almost equal to that attained if auxin had been added to the medium.
Bertsch and Hillman (2) reported that red light would inhibit elongation of pea stem sections if sucrose were present in the medium. This result was not obtained with corn mesocotyl sections (Fig. 2) ; nor was sucrose capable of reversing light-inhibited mesocotyl elongation in the "c/n/m" segments (Table II) Fig. 1 ). It also has been reported that GA can substitute for exogenous IAA in elongating systems which contain both auxin-producing cells and auxin-responsive cells (see 19, 22) . Apparently, GA increased the amount of diffusible auxin (22) by enhancing IAA synthesis (15) . These conclusions of Muir et al. (15, 19, 22) were supported by experiments with corn (Table III) . GA reversed light-inhibited elongation at 10 llM. Furthermore, GA had no significant effect on excised elongating cells, indicating that GA probably acted on the auxin-synthesizing cells of the coleoptile when it enhanced mesocotyl elongation in the "c/n/m" segments (Table III) , though some entirely independent pathway cannot be eliminated as a possibility.
CONCLUSIONS
The auxin hypothesis of light-inhibited elongation (11, 28, 30) was not supported by subsequent studies (9, 10, 18, 23) . However, when excised segments which included only the involved cells (auxin-supplying, auxin-transporting, auxin-responsive) were used, and when data interpretation took into account the facts that auxin supply centers can be regenerated (5, 8, 25) and auxin uptake can be significantly inhibited by the cuticle (1), then one conclusion was inescapable. Light somehow prevented the arrival of auxin at the responsive mesocotyl cells. The hypothesis as originally presented by van Overbeek (28) 
